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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 1L6h

EFFECTS OF SURFACE FINISH, OF CERTAIN DEFECTS, AND OF REPAIR
OF DEFECTS BY WELDING ON FATIGUE STRENGTH OF 355-T6
SAND-CASTINGS AND EFFECTS OF PRIOR FATIGUE
STRESSING ON TENSILE PROPERTIES

By F. M. Howell, G. W. Stlckley, and J. O. Lyst
SUMMARY

Tosta were made to evaluate the effects of varlous surface condlitims,
of certain defects, and of repalr of some of these defects by welding an
the fatigue strength of an aluminum sand-cast alloy. The surfaces studied
included as-cast, machined, grit-blasted, and shot-blasted surfaczes. Ths
unsound conditions included different degrees of porosity and other kinds
of defect somstimes present in castings which might affect their fatlgue
strength. Fatligue tests were made of 355-T6 sand-cast plate-type speci-
mens subJected to direct stress from zero to a maximum value in tension,
and tensile tests of those specimens- that did not fail In fatigue were also
mede. ’

The results showed that the compositions and tensile propertles of
the castings comply in general with the requirements of A.S.T.M. and govern-
ment specifications. The fatligue strength of the normally sound castings
with as-cast surfaces, based on 25,000,000 cycles of stress, was found to
be about TO percent of the fatligue strength determined by using small
polished round specimens tested in dlrect stress. Surface treatments,
such as shot-blasting or grlt-blasting, Increased the fatigus strengths at
25,000,000 cycles about 35 percent. The amount of porosity in the range
from 0.8 to 2.4 percent had no effect on fatigue strength of castlngs tested
with the surfaces as-cast. When the surfaces were machined, the castings
with the larger amount of porosity had somewhat lower fatigue strength,
the difference at 25,000,000 cycles being about 15 percent. Sand holes
decreased the fatigue strength and were more harmful when located at the
edge than when located near the center of the specimen. The fatligue
resistance of castings having defects may be lmproved or completely restored
by welding and reheat trsating. The amount of 1mprovement depended upen
the size and character of the defects and the guality of the welds. Dross
inclusions, when present elther in massive form or ribbon-shaped, were more
harmful when at the edge of the specimen than when at the center. Ribbm-
shaped dross inclusions were harmful when they extended in the transverse
direction but had no effect when parallel to the direction of loading.
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Intentional defects, represented by aluminum strips Inserted on edge in
the molds before casting, when orlented transversely lowered the fatigue
gtrength slightly but when orlented longltudlnally had little or no
harmful effect.

The tensile propsrties of the speclmens previously subJected to fatigue
stressing without fallure had not been harmed by the fatigue stressing.
The tenslle strengths and elongations of the  plate-type specimens with as-
cast surfaces, including not only the sound castings but also those with
different degrees of porosity, agreed closely wlth the propertles of the
separately cast test bars. The yleld strengths of the plate-type speci-
mens generally were slightly higher. Grit=blasting the surfaces of the
plate-type specimens had no harmful effect on the tensile properties.
Shot-blasting lowered the tensile strength about G percent but increased
the yield strength slightly. The speclmens containing welds had tensile
strengths about % percent Jess than the sound Specimens without welds.

INTRODUCTION *

The obJect of this investigation of 355-T6 send-cast alloy wes to
determine: (1) 1ts fatigue characteristics under repeated tensile stresess
ranging from zero to a meximum value by using specimens of relatively
large size and (2) the effects of prior fatlgue stressing upon the tensile
Propertles of the alloy. The investigatlion included tests to determins
the effects of various surface finishes, including grit-blasted and shot-
blasted surfaces; of various types of defect; and of repalring defects ly
welding.

MATERTIALS

The specimens used for this Investigation were sand-cast plate-type
specimens of the general design shown in Pigure 1. The reduced sections

were about % inch thick and, in general, 7% inches wide, although a few

were only 5% inches wide. Most of the specimens were tested with ‘the swur-
faces of the reduced section as-cast; those that were tested with machined

surfaces were cast with a reduced section about % Inch thick and machined
to a thickness of 1 inch. The thickness of the reduced secticns was

from 0.010 to 0.058 inch less at—the center than at the ends. TFourteen
lots of-castings were prepared. A brief description of each lot is glven
in table I.
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The analyses of the different lote were within the specified limits
for 355 alloy. These limits, together with the nominal composition, are
as follows: : : :

ominal Specification limits
Element ccgposition (A.S.T.M. specification
(percent) B26-46T, alloy 8C2L)
(percent)
Copper 1.3 1.00 to 1.50
Iron --- 6 maximum
Silicon 5.0 4.5 0 5.5
Magnesium .5 L+ 26
Manganese — 1 maxt
Zinc ——— .1 max
Chromium —— . ma.xmi am
Titanium PR .0 maxi

The tensile properties of the various lots, as determined from

1 .
standard separately cast E-inch-dia.meter test bars, are glven 1n table II,

together with the typical and specification values. The tenslle propertles
in general were satlsfactory, although the elongation of lot 1-2258 was
below the specified minimum value of 2.0 percent. (A.S.T.M. specification
B26-L6T, alloy SC21; federal specification QQ-A-601, class 10; Army-Navy
asronautical specification AN-A-40.)

TEST PROCEDURE

Fatigue Tests

The fatigue tests were made in the structurel fatlgue machines shown
in figure 2 which were designed primarily for testing large riveted Joints
(reference 1). The machines are so comstructed that the specimens may be
subjected to cycles of direct stress from any value in tenslion or compres-
sion to any other value in temsion or compression within the limits of
their load cepecity (40,000 1b, when used with the adapters shown in
£ig. 3). The specimens in this investigation, however, were stressed only
from zero to a maximum stress in tension. The deslred loads are obtained
by proper adjustment of the eccentric at the end of the loading beams.
These loadlng beams act as second-class levers aeltermately applying end
roleasing the load on the speclmen as the beams are actuated up and down
by the eccentric. In ordsr to minimize any bending strosses at the ends
of the reduced section 1n the specimen, adspters with plate fulcrums as
shown In figure 3 were used.
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The end faces of each specimen were machined so that  the vertical
center line of the reduced section of the specimsn (edge view) is

J§' inch from the plane of the end fa.ces_. In order to insure uniform

loading, the keyways of the speclimen were machined parallel within

0.001 inch in 14 inches, the same as the keys in the machine. The speci-
men was fastened to the testing machine by being bolted end keyed in
place in a vertlical position as shown in figure 3. The outer edges of
each specimen were machined throughout their length in.qrder to provide
smooth edges. In addlition, the edges throughout the reduced section wers
rounded slightly to minimlze stress concentrations. This rounding was
done by rubbing longltudinally with emery cloth. Some of the specimens
had the surfaces of the reduced section machined. The shape of the
reduced. section and the condition of the surfaces of each specimen are
indicated in tables III to VI. ’

Most of the tests were continued to fallure but 11 were discon-
tinued before fallure because the number of cycles had reached at least
25,000,000, which was considered sufflcient in this investigation. Subse-
quently the specimens from these tests were tested to fallure in tension.

Tens'ile Tests

The tensile tests were conducted in a 300,000-pound-capaclty Amsler
universal testing machine, as shown in figure 4. The adaspters, to which
the specimens were keyed and bolted, were built so that the axls of loading
coinclded with the vertical center line of the reduced smectlion of the
gpecimen. The adapters were attached to the heads of the testing machime
by means of tension bolte having spherical seatg. .

Strain measurements sufflcient to obtain the yileld strength were made
on each specimen, except that two speclmens falled before an offset of
0.2 percent was reached. The measurements of the 11 specimens previ-
ously subJected to fatigue stresses were made on 6-inch gage lengths on
opposlte edges of the specimens by using dial indlcators having one division
equal to 0.001 inch. The measurements on the specimen not—tested in
fatigue (C-1205.H) were made by using an SR-4 strain indicator, with six
reslstance wire straln gages cemented to the specimen at the center of the
gage length. Three gages were placed on each face of the speclimen across
the center line, wlth one gage at each edge and the third at the center.

The elongation of each of the 11 speclmens previously subJected —_
to fatigue stresses was measured over 2-, 4-, and 6-inch gage lengths on
three sets of gage marks placed about % inch from sach adge and at the

center of the width on oune face of sach specimen at the reduced sectlon.
The gage marks were spaced 1 inch apart along linss parallel to the axils
of the specilmen. No elongation measurements were made on the . apecimen
not subjected toc fatligue stresses (C-1205-H).
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DISCUSSION OF RESULIS

Fatigue Tests

The results of the individual fatigue tests are given in tables IIL
to VI and are plotted in figures 5(a) to 5(g). Typical exemples of the
various types of failure are shown in figures 6 to 1l.

The individual test data for the specimens with gs-cast surfaces and
without intentional defects are summarized in teble III and are plotted in
figure 5(a). The solld curve has been drawn through the points repre-
senting specimens from lot L-2246 and 1s in good agreement with the results
of tests of the other two lots, L-2238 and C-175. As a basis for compari-
son, this curve 1s also shown in figures 5(b) to 5(g). The fatigue
strength at 25,000,000 cycles was 6900 psi. This is about 20 percent of

the tensile strength determined from %—inch-d.iameter test bars fram

lot L-2246. TFor comparison, the curve obtalned In similer direct-stress
fatigue tests of small pollshed specimens of the sams alloy 1is also shown
in figure 5(a). As might be expected, the fatigue curve for the large
specimens with as-cast surfaces is considerably below the curve for the
polished speclmens.

The effects of surface treatments, such as grlt-blasting end shob-
blasting, are shown in figure 5(b). The curves indicate rather definitely
that, at stresses below 10,000 psi, both grit-blasting and shot-blasting
improve the fatigue strength considerably. The fatligue strengths of the
grit-blasted and shot-blasted specimens each were about 9300 psl at
25,000,000 cycles or an increase of about 35 percent over that of specl- _
mens having as-cast surfaces. One test of & sand-blasted specimen was mmde,
and the results of it also are shown in figure 5(b). The results of this
test indlcate that the effect of sand-blasting is sbout the same as that of
grit- and shot-blasting.

The date for speclmens contalning two degrees of porosity, g&bout
0.8 and 2.4 percent, respectively, are shown in table V. A porosity of
0.8 percent represents about the maximum commerclal quality, and a porosity
of 2.4 percent represents the minimum quality. There were two groups of
castings with each degree of porosity, one tested with as-cast surfaces
and one with machined surfaces. The results of the tests of the speclmens
with as-cast surfaces are plotted in figure 5(c¢) and indicate no definite
difference in fatigue strength. The results for the specimens with machined
surfaces are plotted in figure 5(d) and indicate large differences. '
Although the specimens with the smaller degree of porosity had about the
geme fatigue strength as that of specimens wlth as-cast surfaces and no
intentional defects, those with the larger degree of poroglty had consider-
ably lower fatigue strength. The machining probably made any notch effect
of the pores more harmful, for the metal removed from the surface during
machining would be less porous than that at the center.
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The results of tests made to study the effects of certain casting
defects upon fatigue reslstance are shown in figure 5(e). Included also
are the results of tests of speclmens with defects repaired by welding.
In three tests the specimens contalned sand holes, % inch in dlameter

and.% inch deep, the sand hols belng at the edge in two specimens and at

the center of the other one. These three tests indlicate that sand holes
affect the fatigue strength of the castlings and are more harmful when at
the edge of the test section than when at the middle. Ons test was made
in which a sand hole at the edge of the specimen had been repailred by

wolding. The results indicate the fatigue strength to be about the same
ag that of speclmens free from defects._ Six tests were made on specimens

heving a weld ebout lg inches long and ¥ inch wide at the edge of the
teast section, and seven tests were mede on specimens with a weld about

l% inches in dlameter at the center of the sectlon. These specimens wem

heat-treated after welding, and when checked radiogrephically the welds
were found to be sound. Although there was some scatter, the testresults
indicate that 1t 1s possible by welding to restore the fatigue resistance
of castings contalning defects. Thls, however, was not-accomplished in
every case. The improvement resulting from welding would be expected to
be dependent upon the size and charactsr of the defect-and the quality of
the weld. In 9 of the 12 welded specimens that falled, the failures
occurred through the weld or at the edge of the weld.

The results of tests of four specimens with several types of dross
inclusion are shown in figure 5(f). In two of the specimens the dross
was in massive form, and in the other two 1t was present in the form of a
film. In the specimens containing dross in massive form, the dross was at
the edge of one specimen and in the center of the other. In the specimens
containing dross 1n the form of a film, the film extended transversely at
the center of one speclmen and longitudinally at the center of the other.
All four tests were made at the same stress, 9000 psi. They indicate—that
dross Inclusions at the edge of a specimen are more harmful than those at
the center. Also, dross films in the trensverse direction are more harm-
ful then those in the longitudinal direction. The dross inclusion in
messlve form at the center of the specimen and the ribbon-shaped dross
loceted longltudinally in the center of the reduced ssction had practiceally
no effect on the endurance properties. The fallures in the specimens co -
taining these two types of iInclusion dld not occur at the defect-but at
the end of the reduced section. The failures of the other two specilmens
occurred through the defects.

Five speclmens were cast with metel inserts at the center of the
reduced sectlon to simulate defects. The inserts consilsted of aluminum

strips i%,inch thick, % inch long, and.having a width equal to the thick-

ness of the specimen. In one of the specimens the plane of 'the strip was
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in the longltudinal center line normal to the surfaces of the speclmen;
in the other four specimens, the strips lay in a transverse plane. The
effects of these intentional defects are shown in figure 5(g). When
the strips extended transversely, the harmful effects appeared greater
at higher stresses but were quite small when the fatligue life was more
than 1,000,000 cycles. All but one of the specimens with transverse
defects failed through the defect. When oriented longltudinally the
defect had little or no harmful sffect on the fatigue 1life. The fail-
ure dld not occur at the intentional defect but at the end of the
reduced section.

Tensile Tests

The results of the tensile tests are summarized in table VII and
are shown graphicelly in figure 12. In this figure, the results of
the tests of the separately cast test bars are shown for comparilson.

The broken plate-type specimens are shown in the photographs of
figures 13 and 14. Nine of the specimens failed at the center of the
reduced sectloni of the three that did not, at least two had casting
defects which were responsible for the locatlon of the fractures.

The tensile and yield strengths of the plate-type speclmen that had
not been tested in fatigue (C-1205-H) were within 3 percent of the values
determined for the separately cast test bars. The values agree well with
the typlcal propertises for 355-T6 alloy.

The tensile properties of the plate-type specimens with as-cast sur-
faces and without intentional defects (L.-2246-8 and R-9526-7) that had
been previously tested in fatigue were about the sams as those determined
for the specimen that hed not been subJjected to fatigue stresses. The
tensile propertles also agree closely with those of the corresponding
separately cast test bars. These tests indlicate that the fatigue stressing
was not detrimental to the static propertlies of the plate-type speclimens.

The two grit-blasted, plate-type specimens (L-2246-4 and L-2246-12)
had about the sams tensils properties as the plate-type specimens with as-
cast surfaces. This indlcates that grit-blestling has little 1f any effect
on the tensils propsrties. o L

Ons plate-type specimen with shot-blasted surfaces (L-2257-13) had a
tenslle strength about 9 percent lower than the corresponding separately
cast test bars but it was still well sbove the minimum specification value
for 355-T6 alloy. The yield strength was slightly higher than those of
the test bars. The other shot-blasted specimen falled through a defect
before sufficlent deformation was obtained to determine the yleld strength.
The properties of thils specimen were not lncluded in the averages shown
in table VII.
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The tensile properties of the specimen with 2.4-percent porosity
(R-9524-6) were about 10 percent lower than those determined for the
gound specimens. The specimen failed through a defect near one end of
the reduced sectlion, which was probably responsible for part of the
decrease 1n properties.

The tenslile atrength of one of the specimens with 1l.65-percent
porosity (R-9525-5) was about 5 percent lower, and the elongation sbout
one-third less, than the values for the sound speclmens, but there was
no difference In yleld strength. The other specimen from this lot
(R-9525-7) failed through & defect; therefore 1ts properties are not
included in the average values in table VII.

The tests of the two specimens, each containing a weld at the
conter of the reduced sectlion, indicated that~the weld lowered the ten-
gile strength about 4 percent but did not affect the yleld strength.
Bach of these specimens failed through the center of the weld.

Comparison of the results obtained from the tests of the plate-type
gpecimens with those obtalned from tests of the corresponding separately
cagt test bars shows that the tensile strengths agree wilithin about 3 per-
cent when the specimens wlth shot-blasted surfaces end those containing
welds or defects are not considered. The yield strengths of the plate-
type specimens were generally slightly higher than those of the separately
cast test bars, and in one case the difference was as much a8 20 percents

CONCLUSIONS

The results of the fatigue tests of 355-T6 sand-cast plate-type
gpecimens subJected to direct stress from zero . to a maximum velue in
tenslon and the subsequent tensile tests of thosge speclimens that did not
fall in fatigue Justify the followlng general conclusions:

l. The compositions and tensile properties of the castings complied
in general with the requirements of A.S.T.M. and governmsnt specifications.

2. The fatligue strength of the normally sound castings with as-cast
surfaces was 6900 psi, based on 25,000,000 cycles of stress. This value
is about 7O percent of the fatigue strength determined by using small
polished round specimens tested in dlrect stress.

3. Surface treatments, such as shot-blasting or grit-bvlasting,
increased the fatligue strengths at 25,000,000 cycles about 35 percent.

4. The amount of  porosity in the range from 0.8 to 2.4 percent had
no effect on fatigue strength of castings tested wilith the surfaces as-
cagt. When the surfaces were machined, the castlngs with the larger
amount of porosity had somewhat lower fatigue strength, the difference at
25,000,000 cycles being about 15 percent.
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1 . .
5. Send holes -E inch in diameter _and.-JB: inch deep decreased the fatigue

strength and were more harmful when located at the edge than when located
near the center of the specimen.

6. The fatigue resistance of castings having defects may be improved
or completely restored by welding end reheat treating. The amount of
improvement depends on the size and character of the defects and the qual-
ity of the welds.

T. Dross inclusions, when present elther in massive form or ribbon-
sheped, may have a hermful effect upon fatigue strength. They were more
harmful when at the edge of the specimen than when at the center. Rlbbm-
shaped dross inclusions were hermful when they extended in the transverse
direction but had no effect when parallel to the dlrectlion of loading.

8. Intentional defects, represented by aluminum strips inserted on
edge in the molds before casting, when oriented transversely lowered the
fatigue strength slightly but when oriented longitudinally had little or
no harmful effect.

9. The tensile properties of the specimens previously subjJected to
fatigue stressing without fallure had not been harmed by the fatlgue
stressing.

10. The tensile strengths end elongations of the plate-type speclmers
with as-cast surfaces, including not only the sound castings but also
those wilth different degrees of porosity, agreed closely with the properties
of the separately cest test bars. The yleld streng'bhs of the plate-type
ppecimens generally were slightly higher.

11. Grit-blasting the surfaces of the plate-type specimens had no herm-
ful effect on the tensile properties.

12. Shot-blesting lowered the tensile strength about 9 percent but
increased the yleld strength slightly.

13. The specimene containing welds had tenasile strengths a.'bou'b
4 percent less than the sound specimsns without welds.

Aluminum Research ILaboratories
Aluminum Compeny of America .
New Kensington, Pa., July 3, 1947 )
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TABLE I

DESCRIPTION OF VARIOUS LOTS (F SAND-CAST SPECIMENS

OF 355-T6 ALIOY

Lot number Specimsn number Descriptlon

L-2216 4 Cast with dross in messive form in center of reduced section

L-2216 5 Cast with dross in massive form at edge of specimen
(dross 41d not weld in casting)

L-2216 & Sand hole % inch in diameter and E 1nen deep at edge of specimen

T.-2216 T Sand hole i—: inch in dlamoter end 3 inch deep at center of reduced section

I-2216 8 Cast with ribbon-shaped dross i- inoh long set transversely in middle of
specimen

1-2216 9 Cast with ribbon-sghapsd dross % inch long set longitudinally in middle of
speclmen

L-2216 11 Cast with oxidized aluminum strip % inch long set longitudinally in middle
of specimen; plens of strlp normel to surface

L-2238 6,7, 8 Sound castings with no intentional defects

L.2246 s 2,3, 6,8, 10 Sound castings with as-cast surface; gonoral fins porosity (probebly 1.0 to
1.5 psrcent; good commercial castings) :

L-2246 k, 5,9, 11, 12 Grit-blasted surfaces (graenuler steel grit, AFA no. 513 102 psi pressure;
%—by 3-inch nozzle 8 to 12 inches from surface)

L2246 1k Large sand hole at edge of specimen which was repaired by welding

L-2246 15 Large sand hole at edge of specimen

L.2257 2,3, 4, 9,13 Shot-blasted surfaces (no. 17 steel shot} _l:% inch in di=ameter, 80 psi
Tressure; %—-‘by 3-inch nozzls 12 to 16 inches from surface)

L-2257 5, 6, 8, 11 Cast with & thin aluminum strip % inch long met transversely at middle of
specimen

L-2258 15 Sand-blasted surface (AFA no. 40, silica sand; 93 psi pressurs)

R-9524 1t 8 Hoavily regessed with 25 grams of NH,C1l befors pouring; contained consid-
ereble fine porosity; 2.4 percent volds .

R-9525 5, T S1lightly regmssed with L grams of NE),Cl before pouring; ocontainsd scme fine
porosity; 1.65 percent voids B

R-9526 3 to 8 Not regmssed; contained very slight porosity; 0.8 percent volds

R-9773 1to6 Contelned about 0.7 percent voids

R-G7Th 1tob Contained about 2.% percent voids

Cc-175 3, L Sound castings containing no intentiocnal defects i

c-183 1+06 Weld at eodge of test sectlion ahout l% inches long, % inch wide; heat-treatad
after welding

C-18 2 t0 8 Weld at center of test sectlon about l% inches in dlamster; heat-treated
after wolding o ’

C-120% H Sound casting with mo intentlonal defects (used only in temsion test)




RESULTS (F TENSILE TESTS (F SEPARATEIY CAST TEST BARS REPRESERTING

VARIOUS LOTS OF 35%5-T6 ALLOY SAND-CAST FATIGUE SPRCIMENS

TABLE I

Lot number s?renigtﬂ; (ofgzt,dof'm“) Elmmgutji?n
(ps1) (ps1) (porcent)

Typical valuegl 35,000 25,000 2.5
Specified minimm values® 32,000 | 0 eeeeee o
L-2216 37,000 27,300 3.5
L-2238 38,300 33,600 L
L-2246 34,900 29,300 3.5
L-2257 36,220 28,050 2.3
1-2258 33,000 28,200 1.3
R-9524 33,400 25,800 2.k
R-9525 34,125 25,113 2.6
R-9526 34,500 - 26,625 2.4
R-97T3 and R-9T7h Data not availahls
0-17%, C-183, and C-185 36,250 30,300 2.1
¢-1205 36,200 29,300 3.0

1Reference 2.

2A.9.T. M. specification B26-46T, alloy SC21; federal epecification QQ-A-601, class 1CHTL;
Army-Kavy aercnantlcal specification AN-A-40.

4l

#9%T "ON NI VOVN



TABLE III

RESULT'S OF FATIGUE TESTS OF SOUND SPECIMENS WITHOUT INTENTIONAL DEFECTS

Stress range
Specim:zri)number Surface finish (ps:;) Cycles Location of failure
(2
L-2246-1 As-cast 0 to 14,860 142,100 | Near edge of fillet
L-2246.-2 As-cast 0 to 9,600 | 1,423,900| Edge of fillet
L-2246-3 As-cast 0 to T7,400] 9,550,900} Edge of fillet
L-2246-6 As-cast 0 to 12,310 532,700 | Center of reduced section
L-2246-8 As-cast 0 to 6,320 |99,779,800| No failure
L-2246-10 Ag-ocast 0 to 8,58 | 1,959,000| Near center of reduced section
1.-2238-6 As-cagt 0 to 9,050 | 3,527,100| Edge of fillet
1-2238-7 As-cagt 0 to 12,130 592,800 Bdge of fillet
1-2238-8 As-cast 0 to 14,910 418,600 Edge of fillet
C-1T75-3 As-cast 0 to 10,400 817,000| Center of reduced section
C-175-4 As-~cast 0 to T,970| 2,922,800| Near center of reduced sectlion

1Reduced gection "{-:2L- inches wlde.
8From 2ero to a maximum value In tenslon.
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TABLE IV

RESULTS OF FATIGUE TESTS OF SPECIMENS WITH DIFFERENT SURFACE FINISHES

Stress rangs
¢imen numbe
ope a) | surface finish (psi) Cycles Locaticn of fallure
(2)
L-2246.4 Grit-blasted | 0 to 8,360 | 25,105,600| No failure
L-z_e:tg@ Grit-blasted | O to 14,050 T,600 | Near edgs of fillet
L-2246.9 Grit-blasted 0 to 10,610 | 1,223,700 | Near center of reduced section
L-2246-11 Grit-blasted | O to 9,390 | 18,080,600 | Near center of reduced section
L-22h6-12 Grit-blasted | 0 to 7,310 | 25,170,200 | No failure
L-2257-2 Shot-blested | 0 to 14,980 68,700 | Bdge of fillet
L-2257-3 Shot-blasted | 0 to 12,480 262,600 | Edge of fillet
L-2257-k Shot-blasted | O to 8,460 | 25,291,700 | No failure
L-2257-9 Shot-blagted 0 to 9,950 | 1,041,200 ] Near center of reduced section
1-2257-13 Shot-blasted | 0 to 9,220 | 25,570,500 | No failure
L-2258-15 Band-blasted | 0O to 10,050 { 1,821,000| Edge of fillet

lRaduced. pecticn 7—;— inches wlde.

2From zero to & maximm value in tension.
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TAELE V
BESULTS OF FATIGUE TESTS OF SPRCIMERS WITH DIFYFERENT SURFACH

FINISHES AND DIFFERENT AMOUNTS OF POROSITY

Specimen Surfece Yoids Stress raage

number £inigh (percent) (1(1;-3) Cyclss Location of failure
R-9526-3 As-caat 0.8 ¢ to 12,1|-00 295,700 Rear center of reduced sectimm
R-9526-L As-cast .8 0 to 7,460 2,113,100 Center of reduced section
R-9526-5 As-cast .8 0 to 9,830 1,575,000 Flge of fillet

R-9526-6 As-cast .8 0 to 8,950 1,184,000 Roar center of reduced section
R-9526-7 As-cast .8 0 to 5,930 104,302,300 Ko failure

R-9526-8 As-cast .8 0 to 1k,970 218,500 Noar center of reduced pection
R-9524-1 As-ceat 2.k 0 to 15,000 19%,700 Ege of f1llet .
R-9524.-2 As-cast 2.4 0 to 12,460 328, 800 Near center of reduced section
R-95211.3 As-cast 2.4 0 to 10,000 536,400 Center of reduced section
R-9524 .-k As-cast 2.4 0 to T,k80 5,124,500 Rear center of veduced section
R-9524.5 " As-cast 2.k 0 to 8,930 1,715,000 Canter of reduced section
R-9524-6 As-cast 2.4 0 to 6,020 56,413,700 No failure

R-9524-7 As-cagt 2. 0 to 10,000 766,000 Near center of reduced ssctlon
R-9524-8 As-cast 2.k 0 to 6,kho 8,526,300 Kigs of fillet

R-9T73-1 Machined .7 0 to 1k,870 58,100 Edge of £illet
8R-97T3-2 Machined. .7 0 to 9,520 1,813,700 Fdge of fillet

R-9TT73-3 Machined T 0 to 8,000 6,133,400 Edge of Tillet
BR-9T 13-k Machined -7 0 to 12,560 619,600 Near center of reduced section
8R-9773-5 Mechined .7 0 to 9,020 ), 285,100 Edge of £illet

R-9TT3-6 Machined, .7 0 to 7,930 1,038,200 Noar center of reduced section
AR-9TT4-1 Machined 2.k 0 to 8,88 601,400 Edge of fillst
SR=0TTh-2 Machined 2. 0 to 6,460 2,055,400 Edge of fillet

3—97'{&-2 Machined 2.k 0 to 1k,660 193,600 Edge of fillet
BR-9TTk- Machined 2. 0 to 6,960 9,505,200 Edgs of flllet

R-9TT4-5 Machined 2.k 0 to 12,k70 285,900 Edge of fillet

R-9T7h-6 Machined 2.k 0 to 6,030 19,245,500 Center of redvced section

8Rsduced secticn % inches wide; in all other temts, T inches wide.

bl'i'an zero to & maxlmum valus in tenslaon.
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TABTE VI

BESULTS (F FATIGUE TESES (F SPECINERS CONTAINING INTENTIONAL IEFECTS

Speciman

Birmge renge
mn(ﬂ:?r Description of intentionsl dsfect | (1(3.:%) cyelos MIJ;';“
1 2
I.2216-4 Drosx In oenter of mpecimen 0 to 8,990 1,365,600 Edge of f£illet
I-2216-5 Drose at edge of wpocimen ¢ to 8,900 h65, 200 Through droas
L.om6.6 Band hcle at edge of spacimen ¢ to 9,060 241,400 Through sand hole
L2016 Send hols at cemter of speoimen 0 to 9,0k0 1,501,100 Fdge of fillet
12214 Tranavarse drges film at centsr 0 to 9,110 302,300 Through dross Film
L-2216-9 Longitudinal dross £ilm at center 0 to 8,500 3,7L.0,700 Blge of £illet
tue216-11 Longitudinal oxidized aluminum otrip ab center 0 to 8,940 5,658,700, ¥ige of fillet
L2461k Band hole et odss repaired by welding 0to 9,310 1,687,800 Tarongh weld
I-22346.15 ZSand hole at edgs 0 to 8,970 610,600 Through sand hole
L-2957-% Trapgverse slumlmm strip ap center 0 to 14,930 2,500 Through alumimm strip
L-225T7-6 Trapaverse alumimm strip at oenter 0 to 12,430 177,000 Through alusimm strip
L-2057-8 Traneverse alumlmm strip at center @ %o 10,000 88,80 Through alumimm strip
L-225T-11 Trangverse aluminum strip at center d to 8,200 3,991:},200 Through alumimm strip
|
C-183-1 Veld l% inghos long byi’-_ inch wids at sdge} good weld 0 o 15,230 176,400 Hear center of reduoed
asotion

c-183-2 Weold 1? inchos lang by 3 inch vide at edgo) good vala 0to 9,80 1,029,h00 Through weld
C-183-3 Wold 1= inches lmg by% inch wide at edge; good weld 0 ta T,990 1,065,k00 Through weld
0-183-4 Weld 1‘_3 inchee long by.E. inch vide at edgm; fair weld 0 to 7,160 98,51[7,500 Bdge of weld
C-163.5 Vold 1% inches lmg 'by% inch wide &b edge; good wold Gto 7,510 2,615,200 EAgs of weld
£-1B3-6 vold 118 inches long 'ny% inch wide at eldge; zood weld ¢ to 7,970 19,4b1,500 Edge of Fillst
c-185-2 Wold 1% inches in dlemeter af, center; gopd weld 4 to 15,020 178,604 Tarcugh wold
£.185.3 Weld 1-;- inohes in diameter at cemtsr; fair weld 0fo 9,70 1,054,500 Bge of weld
-185-b Weld :% inchem in dimmstsr at cemter; good weld 0to 7,900 . 79Q,3X). Tarongh weld
C-185-3 Weld 1121 inchas in diemstsr at center; good weld 0t 6,910 661,500 Hear center of reduced

‘ T saction
c-1p-6 Wald 1-2- inches in dlameter at center; good weld 0o 5,930 A4 568,700 No failurs
¢-185-7 Yalg 1% inches in dlawster at cemler; f&ir wold 0 ra 7,450 56,167, ko0 No failure
c-185-8 Weld 135 inghes in diemeter at comters good weld 0o 7,940 1,036,200 Edgo of weld

lgurtacos as-cast. Pedncod section 1% inghes vide.

2.!'rm o1 to 2 maximm value in tension.
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TABLE VIT

RESULTS OF TENGILE TESTS OF 355-T6 ALLOY SAMD.CAST, PIATE-TYPE SPECIMENE

PREVIOUSLY SUBJECTED TO FATIGUR STRESSING

Prior fatigus stressing Tensils propertles
Lot number | Speoiman mumber Deaoripticn Strese rengs Cyoles Tansile Yield strength Elangation (percent) in -
(ps1) strength. | (offset,0.2-percent)
(a) {pei),’ {psl) 2. | b in. | 6 tn,
Spscimen not subjeoted to fatigue streeses
c-1205 B Sound omsting; as-cast Nome | --remomeem- 35,200 29,900 - - -
surfaces
Spsoimene previously subJjected to fatigue stresses
L2246 8 Sound oasting; as-ceat 0 to 6320 99,779,800 35,100 30,100 3.0 2.1 1.7
surfaces
L-22h6 H Grit-blasted surfaces D to 8360 25,105,600 32,@0 g,% 3.3 gﬁ i?(
12 0 to T310 25,170,200 200 . . .
: ATOEO . 358D 78,500 3| =% | T8
12257 © oy Shot-blasted surfaces 0 to 8150 25,291,700 b7, 400 (830 '"JE..Z "’i.g "’l.z)
2, , 0 to 9220 25,570,300 000 . . .
3 241N Av. %’ ) %‘m ) % 2
R-9526 7 0.8-percent volds; ma.cast | O to %530 10k,302,300 3h,600 31,600 2.7 1.6 L.k
) " surfaces -
R-9525 ) 1.65-percent voldey as-cast] Q to %050 2l 778,800 32,900 30,100 2.0 1.k 1.9
7 " purfacas 0 to 5880 Tesh, b23600 {o) .7 "1_.% LI
T Av. 33"‘%‘6, KD 2.0 . .
R-952L . 6 2.h-peroent ¥oldsj; as-cast | O to 6020 56,013,700 430,700 28,400 d2.5 4. | d4p
surfaocss
G183 6 Weld at center; nd-cast 0 to 9950 k4,568,700 33,000 32,700 .7 | 13 .8
. 7 Burfaces D o TH50 56,167,400 000 700 2.0 L. .8
‘ . Av, 33, gg,m I3 .3 -8

®From zero to & marimm value in tensiom.
tal defect in apeplmen; omitted in average.
CEpacimen failed bafors O.2-perosnt offset was obtainsd.
ailad through defect.
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Figure 1l.- Specimen for structural fatigus testlng machine.



Figure 2.- General view of fatigue machines for testing structural units.
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'NACA TN No. 1464 : 21

Figure 3.- Fatligue tests of two sand-cast, plate-type specimens showing
adapters with plate fulcrums used to minimize bending stresses.
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Figure L4.- Tensile test of sand-cast, plate-type specimen.
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- o-f=Curve for small polished spacimens testad in dirsct
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O Lot L-2246 (as-gaet surfaces and no intentiooml defects)

5,000

O Lot L-2238 (as-cast surfaces and me intentionel defects)
A Lot C=176 (as—cast surfaces and no intentional defects)
> Did not fail
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Figure 5(a).- Direct-stress fatigue curve for 355-T6 sapd-cast spscimenB. Ratio of minimum stress
to marimm stress equals zero.
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Figure 5(b).- Direct-stress fatigue curves for 355-T6 sand-cast specimens. Ratlo of minimm stress
to maximm stress equals zero.
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Figure 5(c).- Dirsct-stress fatigue curves for 355-T6 sand-cast specimsna. Ratio of minimm stress

to maximm stress equals zera.
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Figure 5(d).- Direct-stress fatigue curves for 355-T6 sand-cest specimens. Ratio of minimm stress
to marimmm stress eguals zero.
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Lot L~2216 (sand hole at center)

Lot L~2218 (sand hole at edge)

Lot L~-22468 (sand hole at edge)

Lot L-2248 (sand hola at edge repaired by welding)

Lot C~183 (meld 1} inches loag § inch wide at edge of speainen)
Lot C-185 (weld :JE inghss in diameter at center of specimen)
> Did not fail

em OB O

\ |~Corve for apacimans with ag-oast purfaces and no
\\__ ------ intentional defects (Lot L-2248)

~N
A ] E}\q\\
° T n
| e >
[ \_h‘_—__‘ *
o> |
Q
104 106 108 Cyoles 10

Figura 5(e) .- Direct-stress fatigue curve for 355-T6 sand-cast speclmens. Ratlo of minimum stress
to marimum stress equals zoro.
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Figure 5(f).- Direct-stress fatigue curve for 355-T6 sand-cast specimens. Ratio of minimm stress
to maximm stress equals zero.
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Figure 5(g).~ Direct-stress fatigue curves for 355-T6 sand-cast specimens.
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Figure 6.- Fatigue failures of two sound specimens without

intentional defects.
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Figure T.- Fatigue failure of specimen with sand hole at edge.
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Figure 8.- Fatigue fallure of welded specimen at edge of weld.
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Figure 9.- Fatigue fallure of welded specimen between weld and edge of
reduced section. Note transverse crack in weld.
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Figure 10.- Fatigue fallure of welded specimen near end of reduced section.
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(a) Defect: ribbon- (b) Defect: aluminum strip
shaped dross, cast in center,
transverse.

trangverse.

Figure 11.- Fatigue fallures of specimens wilth intentional defects
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Figure 12.- Results of tenmlle tests of test bars and plate-type specimens of 355-T6 alloy.
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Figure 13.- Tensile failure of specimen not previously subJjected to
fatigue stressing.
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Figure 1lhk,- Tensile failurea of specimens previously subjected to fatigue stressing.
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